Objective: To report a new mutation of the multiple endocrine neoplasia type 1 (MEN1) gene in an Italian kindred. Design: The study included the female proband, aged 50 years, affected by primary hyperparathyroidism, insulinoma and prolactinoma, and ten relatives. Blood samples were obtained for biochemical and genetic analyses. Clinical screening tests included serum glucose, ionized calcium, intact parathyroid hormone, GH, insulin and prolactin. The coding sequence, including nine coding exons and 16 splice sites, was amplified by PCR and directly sequenced. Results: Two additional cases of primary hyperparathyroidism were identified among the paternal family members. The sequence analysis showed a heterozygous T to C transition at codon 444 in exon 9, resulting in a leucine to proline substitution (L444P) in the patient and in the two paternal family members with primary hyperparathyroidism. The L444P amino acid change was absent in 50 normal subjects. The mutation determined the loss of a BlnI restriction site of the wild-type sequence and the creation of a new restriction EcoRII site. The patient, but not her paternal affected relatives, also had a common heterozygous polymorphism (D418D) in exon 9. Conclusions: A new MEN1 mutation (L444P) in exon 9 has been identified; this substitution caused the loss of a BlnI restriction site and the creation of a new EcoRII site.
Introduction
Multiple endocrine neoplasia type 1 (MEN1) is an autosomal dominant disorder characterized by the combined occurrence of tumors of parathyroid glands, pancreatic islet cells and the anterior pituitary (1) . Less frequently, tumors of the foregut, carcinoid and lipoma can be present. The MEN1 gene has been recently cloned on chromosome 11q13 (2, 3) and encodes a novel 610 amino acid protein, termed 'MENIN'. The functional role of MENIN, which does not have similarities to any previously known protein, remains to be elucidated. Preliminary data suggest a nuclear localization of MENIN (4) . Germline mutations scattered through the coding region of the MEN1 gene have been detected in both familial and sporadic cases of MEN1 (5) (6) (7) (8) (9) (10) . In addition, somatic mutations of the same gene have been identified in a variable fraction of the sporadic counterparts of typical MEN1 neoplasms (parathyroid tumors, insulinomas and gastrinomas, pituitary adenomas and lung carcinoids) (11) (12) (13) (14) (15) (16) (17) .
We report a new missense mutation of the MEN1 gene at codon 444 (T to C) in exon 9, resulting in a leucine to proline substitution (L444P) in an Italian kindred affected by MEN1.
Patients and methods

Patients
The proband (III-2; Fig. 1 ), a 50-year-old woman, was referred to our outpatient clinic in November 1996 for persistent hypercalcemia after subtotal parathyroidectomy (complete removal of the lower and upper right and of the lower left parathyroids; partial removal of the upper left parathyroid) for primary hyperparathyroidism (PHPT); she had been amenorrhoic since the age of 38 years and in October 1995 she underwent partial pancreatectomy for insulinoma. The physical examination was normal. The serum concentration of ionized calcium was 1.46 mmol/l (normal values 1.13-1.32 mmol/l) and serum intact parathyroid hormone (PTH) was 267 pg/ml (normal values 10-65 pg/ml). Prolactin was 500 pg/ml (normal values 2-18 pg/ml). Glucose, insulin, gastrin and growth hormone (GH) were normal. Neck ultrasound and MRI discovered two cervical masses close to the lower and upper left thyroid lobe. A pituitary CT scan showed a 2.5 cm mass with compression of the optic chiasm. In May 1997 a neck exploration was performed and two supranumerary left parathyroid glands were removed. Serum concentrations of calcium and PTH became normal after surgery. In July 1997, a prolactin-secreting pituitary adenoma was successfully removed by transsphenoidal surgery.
Venous blood samples were obtained from ten members of the kindred (seven females and three males) for measurement of glucose, ionized calcium, intact PTH, prolactin, GH, insulin and gastrin. Two of them (II-6 and III-9, both females) had moderate hypercalcemia and elevated serum intact PTH (ionized calcium: 1.50 and 1.40 mmol/l, PTH: 225 and 147 pg/ml respectively), indicating the presence of PHPT. GH, prolactin, glucose, insulin and gastrin were normal. No further clinical investigation could be performed in these subjects.
DNA sequence analysis
Genomic DNA was isolated from peripheral blood leukocytes of the proband and other family members by the phenol/chloroform method. The coding sequence, including nine coding exons and 16 splice junctions of the MEN1 gene (2) were amplified by PCR and subjected to direct sequencing. At least three different PCR amplifications from genomic DNA were sequenced on the double strand with sense and antisense primers. Primers are shown in Table 1 . Reverse primers were biotinylated. PCR were performed in a final volume of 100 ml containing 1 mg DNA, 50 mmol/l KCl, 10 mmol/l Tris-HCl, pH 8.3, 1 mmol/l or 1.5 mmol/l MgCl 2 (for exons 2 and 3-10 respectively), 0.01% gelatin, 0.2 mmol/l deoxynucleotide trisphosphate, 5 U Taq polymerase (Cetus Corp., Berkeley, CA, USA) and 200 nmol/l of each primer. Dimethylsulfoxide (concentration 5%) was included for exons 2 and 10. Annealing temperatures were 50 and 54 ЊC for exons 3-6 and 10, and 2 and 7-9 respectively. PCR products were purified on streptavidin-coated magnetic beads (Dynal, Oslo, Norway) and sequenced with Sequenase (version 2.0, USB, Cleveland, OH, USA) and 35 S-labeled dATP-aS (Amersham International, Amersham, Bucks, UK).
Contamination problems were ruled out by including PCR control samples with no DNA as template.
Confirmation of the mutation by restriction fragment length polymorphism (RFLP)
For RFLP analysis, a 289 bp PCR fragment of exon 9 was amplified, using forward and reverse primers as indicated in Table 1 , from the proband, all family members and 50 unrelated normal individuals. Aliquots (10 ml) of purified PCR samples were incubated for 2 h at 37 ЊC with the restriction enzyme EcoRII (Gibco-BRL, Milan, Italy) or BlnI (Amersham International, Amersham, Bucks, UK). An adequate amount was separated in a 12% polyacrylamide gel and visualized with ethidium bromide. 
Results
The entire MEN1 gene coding region of the proband was analyzed by direct sequencing. A heterozygote T to C transition was present in exon 9, at codon 444. This substitution resulted in a leucine to proline (L444P) amino acid change (Fig. 2) . The mutation created a new restriction site (EcoRII) and abolished a BlnI site from the wild-type sequence. This allowed us to obtain an independent confirmation of the missense mutation. The DNA wild-type sequence, containing one BlnI site, was associated with cleaved PCR products of 198 and 91 bp, whereas the mutant, which has lost the BlnI site, was associated with a PCR product of 289 bp (Fig. 3A) .
On the other hand, the mutation-associated new EcoRII restriction site created two PCR products of 117 and 91 bp in the mutant DNA (Fig. 3B ).
Taking advantage of the restriction site changes, DNA samples from the 10 available relatives and from 50 unrelated normal individuals were also submitted to the restriction enzyme analysis. As indicated in Fig. 3A and B the two subjects with PHPT (II-6 and III-9), both of paternal origin, had the expected restriction patterns associated with the L444P mutation in exon 9. The direct sequencing of this exon confirmed the mutation. These restriction enzyme changes were absent in all 50 unrelated normal subjects.
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Figure 2 Antisense sequence analysis of exon 9. A to G base exchange in the antisense sequence, corresponding to a T to C exchange in the coding (sense) sequence at codon 444. In the mutant, the wild-type allele coexists with the mutated allele. The polymorphism D418D (a single substitution G to A) is also shown (asterisk).
Figure 3
Detection of a mutation in exon 9 by restriction-enzyme analysis and gel electrophoresis. DNA sequence analysis of individuals III-2, II-6 and III-9 revealed a substitution at a second position (T to C transition) of codon 444. The wild-type DNA sequence at codon 444 is CTA encoding for a leucine residue, whereas the mutant sequence is CCA encoding for a proline. (A) The L444P mutation resulted in the loss of a BlnI site. As illustrated, wild-type DNA samples showed two PCR products of 198 and 91 bp, whereas the mutant DNAs (III-2, II-6 and III-9) showed a single 289 bp band. (B) The mutation also created a new EcoRII restriction site, resulting in the presence of cleaved PCR products of 117 and 91 bp in the affected members (III-2, II-6 and III-9 ), whereas the wildtype DNA sequence is associated with a PCR product of 208 bp.
The proband and her mother, but not her paternal relatives carrying the L444P mutation, also had a common polymorphism (D418D) (2, 8) (Fig. 2) .
Discussion
Different mutations in the MEN1 gene in familial and sporadic MEN1 have been identified (5-10). In addition, somatic mutations of the same gene have been reported in sporadic parathyroid adenomas, sporadic neuroendocrine tumors of the gastroenteropancreatic system, pituitary tumors and lung carcinoids (11) (12) (13) (14) (15) (16) .
In this study, we have identified a new missense mutation in the MEN1 gene in an Italian kindred with MEN1. Affected individuals are heterozygous for leucine to proline substitution at codon 444 of the MEN1 gene. The affected members showed a variable phenotype (all had PHPT, only the proband had insulinoma and prolactinoma) confirming, as already reported, the lack of genotype-phenotype correlation within the same family (7) . In this regard, previous studies have also shown that there is no correlation between the mutation type and localization with respect to MEN1 phenotype (5) (6) (7) (8) .
Nonsense mutations, frameshift deletions or insertions have been reported in the majority of MEN1 kindred so far studied (5-10). These changes are likely to result in major alterations and functional loss of the MENIN protein and are in keeping with the proposed role of the MEN1 gene as a tumor-suppressor gene (18) . On the other hand, in the absence of information about function and three dimensional structure of MENIN protein (4) we cannot measure the consequences of missense mutations. In the study of Agarwal et al. (5) 4 of the 13 missense mutations of MENIN protein were gain of proline, including a leucine for proline substitution (L266P) in exon 6. These authors have pointed out that proline changes were not likely to be benign polymorphisms since all of them were in high-complexity regions and all but one in regions likely to be an alpha helix. In agreement with this concept is the absence of the L444P mutation in 50 unrelated normal individuals.
The mutation described in the present study also resulted in the loss of the BlnI restriction site and in the creation of a new restriction site (EcoRII) in exon 9 which facilitated the detection of two additional family members (II-6 and III-9) carrying the mutation. In both cases direct sequencing confirmed the L444P substitution.
A common polymorphism (D418D) (2, 8) in exon 9 was present in the proband and her mother, but not in the two paternal relatives carrying the L444P mutation. The finding that this polymorphism was present only in the proband but not in the other affected members indicates that the L444P mutation and the D418D polymorphism are on different alleles.
In conclusion, we have described a new MEN1 gene mutation in exon 9 in an Italian kindred which extends our knowledge concerning the variety of genetic abnormalities associated with familial MEN1 and may contribute to a better understanding of the functional role of MENIN protein and its role in the pathogenesis of MEN1-associated tumors.
